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Abstract One main determinant in high-density
lipoprotein (HDL) metabolism is phospholipid trans-
fer protein (PLTP), a plasma protein that is associated
with HDL. In transgenic mice overexpressing human
PLTP we found that elevated plasma PLTP levels
dose-dependently increased the susceptibility to diet-
induced atherosclerosis. This could be mainly due to
the fact that most functions of PLTP are potentially
atherogenic, such as decreasing plasma HDL levels.
To further elucidate the role of PLTP in lipoprotein
metabolism and atherosclerosis we generated a novel
transgenic mouse model that allows conditional
expression of human PLTP. In this mouse model a
human PLTP encoding sequence is controlled by a
Tet-On system. Upon induction of PLTP expression,
our mouse model showed a strongly increased PLTP
activity (from 3.0 ± 0.6 to 11.4 ± 2.8 AU, p < 0.001).
The increase in PLTP activity resulted in an acute
decrease in plasma cholesterol of 33% and a compa-
rable decrease in phospholipids. The decrease in total
plasma cholesterol and phospholipids was caused by
a 35% decrease in HDL-cholesterol level and a 41%
decrease in HDL-phospholipid level. These results
demonstrate the feasibility of our mouse model to
induce an acute elevation of PLTP activity, which is
easily reversible. As a direct consequence of an
increase in PLTP activity, HDL-cholesterol and
HDL-phospholipid levels strongly decrease. Using
this mouse model, it will be possible to study the
effects of acute elevation of PLTP activity on
lipoprotein metabolism and pre-existing atheroscle-
rosis.
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Introduction
Over the last years, in vitro studies and studies in
mice showed that phospholipid transfer protein
(PLTP) plays several key roles in lipoprotein metab-
olism. These include the transfer of phospholipids
from triglyceride-rich lipoproteins to high-density
lipoproteins (HDL) during lipolysis (Tall et al. 1985),
the remodeling of HDL-particles (Jauhiainen et al.
1993; Tu et al. 1993), the stimulation of hepatic very
low-density lipoprotein (VLDL) secretion (Jiang
et al. 2005, 2001; Lie et al. 2002; van Haperen
et al. 2002), and the modification of the inflammatory
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and oxidative state of lipoproteins (Jiang et al. 2005;
Jiang et al. 2002; Schlitt et al. 2005; Yan et al. 2004;
Yang et al. 2003).
Diet studies in different atherosclerosis-prone
mouse models showed that PLTP deficiency resulted
in a decreased development of atherosclerosis (Jiang
et al. 2001). Overexpression of human PLTP in low-
density lipoprotein receptor (LDLR) deficient mice
resulted in a dose-responsive increase in susceptibil-
ity to atherosclerosis (van Haperen et al. 2002). Most
functions of PLTP are potentially atherogenic: over-
expression of human PLTP dose-dependently de-
creases HDL levels, resulting in a more atherogenic
lipoprotein profile (Albers et al. 1996; van Haperen
et al. 2002); overexpression of human PLTP stimu-
lates VLDL secretion by the liver (Lie et al. 2002;
van Haperen et al. 2002); lipoprotein oxidizability
increases following adenoviral overexpression of
PLTP in atherosclerosis-prone mice (Jiang et al.
2002; Yang et al. 2003). On the other hand, PLTP has
anti-atherogenic potential as well, because it in-
creases the formation of preb-HDL, an HDL sub-
fraction that is a very efficient acceptor of cellular
cholesterol and therefore an important mediator in
reverse cholesterol transport (Jiang et al. 1996; Lie
et al. 2001; van Haperen et al. 2000). Apparently,
PLTP displays both pro- and anti-atherogenic prop-
erties, of which the experimental approaches used so
far demonstrate that the net effect is proatherogenic
(Desrumaux et al. 2003; Jiang et al. 2001; Lie et al.
2004; van Haperen et al. 2002; Yang et al. 2003).
However, it is important to notice that PLTP is a lipid
transfer protein and thus very sensitive to changes in
lipaemia (Rye et al. 1998). Depending on the
metabolic status, the proatherogenic effects of PLTP
could outweigh the antiatherogenic effects, or vice
versa. A different experimental approach might shed
more light on the exact physiological role of PLTP in
lipoprotein metabolism and atherogenesis. Therefore,
we generated a new mouse model with conditional
expression of the human PLTP gene, using the
tetracycline-responsive gene system that was devel-
oped by using the Escherichia coli tetracycline
resistance Tn10 operon (Gossen and Bujard 1992).
This mouse model consists of two transgenes. The
first transgene is an improved version of the reverse
tetracycline transactivator, 2S-M2 [rtTA2S-M2,
developed by Urlinger et al. (Urlinger et al. 2000)],
under the control of a ubiquitously expressed hnRNP
A2 (heterogeneous nuclear ribonucleoprotein A2)
coding sequence. The second transgene is a human
PLTP encoding sequence under the transcriptional
control of a tetracycline operator and minimal cyto-
megalovirus promoter (Gossen and Bujard 1992; Orth
et al. 2000). The crossbreeding of these two transgenic
mouse lines results in a mouse that gives us the
opportunity to activate the expression of human PLTP
by administration of doxycycline. In the future, using
this mouse model, it will be possible to use new and
refined approaches studying the physiological role of
PLTP. For example, we will be able to investigate the
effect of acute elevation of PLTP activity on pre-
existing atherosclerosis. In this study, we describe the
features of our conditional mouse model. Using this
model we studied some effects of acute changes in
PLTP activity on lipoprotein metabolism.
Methods
DNA constructs
Two constructs were used to generate transgenic mice
that would allow externally inducible expression of
PLTP: (1) hnRNP-rtTA-SV40, which consists of a
recent version of the tetracycline-controlled transac-
tivator rtTA2S-M2 (Urlinger et al. 2000) under the
control of an hnRNP A2 coding sequence (Antoniou
et al. 2003). This sequence consists of an 8 kB
methylation-free island, containing the incomplete
HP1c (heterochromatin protein 1c) promoter, first exon
and a part of the first intron of genomic human hnRNP
A2, which is expressed ubiquitously (Kamma et al.
1999) (Fig. 1a). (2) TRE-hPLTP, which consists of a
human PLTP encoding sequence under the transcrip-
tional control of a Tetracycline Response Element
(TRE) containing eight tetracycline operators, and
minimal cytomegalovirus promoter (PminCMV)
(Gossen and Bujard 1992; Orth et al. 2000)
(Fig. 1b). This construct was generated using the
pTRE vector (GenBank Accession #U89931) of
ClonTech (ClonTech Laboratories, CA, USA). The
human PLTP encoding sequence was constructed
from genomic human PLTP, of which the sequences
upstream from exon 1 were removed, and the
genomic sequences between the BamHI sites in
exons 5 and 8 were replaced by the equivalent cDNA
sequence (264 bp) (Day et al. 1994).
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Generation and treatment of transgenic mice
For both constructs, vector sequences were removed
by restriction endonuclease digestion. Linear DNA
was dissolved in microinjection buffer (10 mmol/L
Tris–HCl, pH 7.5, 0.1 mM EDTA) at a concentration
of 1–2 mg/ml. DNA constructs were microinjected
into fertilized oocytes from FVB mice. These oocytes
were transferred into the oviducts of pseudopregnant
foster females. Transgenic founder mice were bred
with FVB mice to obtain transgenic mice. FVB
transgenic mice were backcrossed with C57Bl/6 mice
for at least ten generations. Genotypes were identified
by polymerase chain reaction (PCR) using genomic
DNA from tail clips of 10-day-old mice. Primers used
for the presence of the rtTA transgene: sense 50-GGA
ACA GGA GCA TCA AGT AGC-30, antisense 50-
GCG TCA GCA GGC AGC ATA TC-30; 32 cycles
(45 s 948C, 60 s 628C, 90 s. 728C). Primers used for
the presence of the human PLTP transgene: sense 50-
GCC ACA GCA GGA GCT GAT GC-30, antisense
50-GCG GAT GGA CAC ACC CTC AGC-30; 32
cycles (45 s 948C, 90 s 658C, 90 s 728C).
Animals were kept on regular chow. Blood
samples were collected from the orbital plexus.
Blood was centrifuged at 2,800 rpm for 15 min at
48C. Plasma samples were stored at 808C until
measurement of PLTP activity and quantification of
plasma lipids. All experiments were performed in
accordance with institutional and national regula-
tions.
In vivo induction of PLTP activity
Mice carrying the reverse tetracycline transactivator
(referred to as rtTAtg mice) were crossed with mice
carrying the human PLTP gene under the control of
the tetracycline-responsive element (referred to as
Tre-PLTPtg mice), resulting in Tre-PLTPtg//rtTAtg
mice. As controls, transgenic mice were used having
only one of the transgenes, thus either lacking the
rtTA transgene, or the Tre-PLTP transgene. Induction
of PLTP expression needs addition of doxycycline to
the drinking water. In order to mask the bitter taste of
doxycycline, 5% sucrose was added. First, the mice
were kept on drinking water containing 5% sucrose
for 3 days, followed by drinking water containing
2 mg/ml doxycycline hydrochloride (Sigma) + 5%
sucrose for 2 days. Doxycycline-containing drinking
water was protected from light. PLTP activity was
determined before the sucrose run-in period, after
3 days of sucrose administration and after 2 days of
doxycycline administration. In an additional experi-
ment, the turnover of the induced PLTP activity was
determined. A group of Tre-PLTPtg//rtTAtg mice
was treated according the regime described above,
Fig. 1 Schematic diagram showing constructs used for
generating transgenic mice. (a) hnRNP-rtTA-SV40, which
consists of a tetracycline-controlled transactivator (rtTA2S-
M2) under the control of an hnRNP A2 coding sequence. This
sequence consists of an 8 kb methylation-free island, contain-
ing the incomplete HP1( and promoter, first exon and a part of
the first intron of genomic human hnRNP A2. (b) TRE-hPLTP,
which consists of a human PLTP encoding sequence under the
transcriptional control of a Tetracycline Response Element
(TRE) and minimal cytomegalovirus promoter. The human
PLTP encoding sequence was constructed from genomic
human PLTP, of which the sequence upstream from exon 1
was removed, and the genomic sequences between the BamHI
sites in exons 5 and 8 were replaced by the equivalent cDNA
sequence (264 bp)
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followed by a 5-days period of normal drinking
water. Every day, a small amount of blood was taken
by tail bleeding, starting after the sucrose run-in
period of 3 days. In these samples PLTP activity was
measured.
PLTP activity assay
PLTP activity was measured using a phospholipid
vesicle-HDL system, according to Speijer et al.
(Speijer et al. 1991). PLTP activity is expressed as
arbitrary units (AU). One arbitrary unit is equal to the
level of PLTP activity found in human reference
plasma, which is 13.9 mmol/ml/h.
Separation of lipoproteins
High-density lipoprotein and non-HDL fractions
were separated by density gradient ultracentrifugation
of freshly isolated plasma samples using a Beckman
42.2 Ti rotor (42,000 rpm, 2 h 50 min, 128C) at
d = 1.063 g/ml.
Quantification of plasma lipids
Cholesterol concentration was determined enzymat-
ically using a Free Cholesterol C kit (WAKO) after
hydrolysis of cholesteryl esters with cholesterol
esterase from Candida cylindracaea (Boehringer).
Phospholipid concentration was measured using the
PAP150 kit from BioMerieux. Triglycerides were
measured using a triglyceride kit from WAKO.
Protein analysis of plasma samples
In order to analyze apoAI protein mass, equal plasma
samples of individual mice were subjected to elec-
trophoresis on precast 4–15% SDS-polyacrylamide
gradient gels (Bio-Rad) which were subsequently
stained with Coomassie blue (Brilliant Blue R,
Sigma).
mRNA expression analysis
Mice were humanely killed and organs were quickly
removed and homogenized. Total RNA was isolated
using the RNeasy Mini Kit (Qiagen). Isolated RNA
was used as a template for reverse transcription
primed by oligo(dT). cDNA was used as a template
for Real-Time PCR to quantitate RNA expression
using the MyIQ (Bio-Rad). Sample cycle threshold
(Ct) values were determined from plots of relative
fluorescence units versus PCR cycle number during
exponential amplification. Relative mRNA levels
were normalized to hypoxanthine–guanine phospho-
ribosyl transferase expression using the DCt method
[2(DCt)] and presented as arbitrary units. All exper-
iments were repeated three times. Details on the
primer sets used and PCR conditions are available
upon request via e-mail (m.decrom@erasmusmc.nl).
Statistical analysis
All values are expressed as means ± standard error of
the mean. Statistical analyses were done by one-way
analysis of variance with Bonferroni multiple com-
parison tests or Student’s t-tests using Intercooled
Stata 8.2/SE software (Stata Corporation, College
Station, TX, USA).
Results
Induction of PLTP expression
First, we tested whether inducible expression of
human PLTP could be achieved in our newly
generated mouse model. To this end, three experi-
mental groups were used: Tre-PLTPtg//rtTAtg mice,
Tre-PLTPtg mice and rtTAtg mice. Mice were kept
on drinking water containing 5% sucrose for 3 days
prior to doxycycline administration, When the effect
of sucrose on plasma PLTP activity and lipid levels
was measured, no statistically significant differences
in plasma PLTP activity between groups before and
after sucrose administration were found (Fig. 2).
PLTP activity in the Tre-PLTPtg mice or rtTAtg mice
(PLTP activity 2.9 ± 0.7 AU and 2.8 ± 0.7 AU,
respectively) did not differ from the activity in chow-
fed wildtype mice on normal drinking water
(3.3 ± 0.8 AU, n = 6 mice). After 3 days, drinking
water containing 5% sucrose was replaced with
drinking water containing 2 mg/ml doxycycline + 5%
sucrose. After 2 days, plasma PLTP activity was
measured. In the Tre-PLTPtg mice and rtTAtg mice,
administration of doxycycline had no effect on PLTP
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activity. However, in the PLTPtg//rtTAtg group
administration of doxycycline resulted in a strong
increase in PLTP activity (from 3.0 ± 0.6 to
11.4 ± 2.8 AU, Fig. 2).
Next, the duration of the doxycycline-induced
PLTP activity was determined. A group of Tre-
PLTPtg//rtTAtg mice was treated according to the
regime described above, followed by a 5-days period
on normal drinking water. During the 2 days of
treatment with doxycycline, PLTP activity increased
from 2.3 ± 0.4 AU to 9.2 ± 2.2 AU (Fig. 3). PLTP
activity further increased to 9.9 ± 2.3 AU after 1 day
after on normal drinking water and subsequently
started to decline. Five days after discontinuing the
doxycycline treatment, PLTP activity had returned to
the initial level.
Effects of human PLTP expression on plasma
lipids and lipoproteins
Cholesterol and phospholipid levels were measured
in plasma to investigate the effects of an acute
increase in plasma PLTP activity on lipid metabo-
lism. After administration of doxycycline, there was
only a 10% decrease in plasma cholesterol in one of
the control groups, Tre-PLTPtg mice (Fig. 4a, from
Fig. 2 Plasma PLTP activity levels. PLTP was measured in
plasma samples and expressed in arbitrary units (1 AU is equal
to the level of PLTP activity found in human reference plasma,
13.9 mmol/ml/h). Measurements were performed at three time
points: ‘‘water’’ (normal drinking water), ‘‘water + sucr’’
(after 3 days of drinking water containing 5% sucrose),
‘‘water + dox/sucr’’ (after 2 days of drinking water containing
2 mg/ml doxycycline + 5% sucrose). White bars indicate Tre-
PLTPtg mice, gray bars indicate rtTAtg mice, black bars
indicate Tre-PLTPtg//rtTAtg mice. n = 15–18 mice/group.
*p < 0.001, versus Tre-PLTPtg//rtTAtg + dox/sucr and versus
Tre-PLTPtg + sucr and rtTAtg + sucr
Fig. 3 Plasma PLTP activity levels in Tre-PLTPtg//rtTAtg
mice. PLTP was measured in plasma samples and expressed in
arbitrary units. Time points of measurement: t = 0 (after 3 days
of drinking water containing 5% sucrose); t = 1 and t = 2
(drinking water containing 2 mg/ml doxycycline + 5%
sucrose); t = 3, t = 4, t = 5, t = 7 (normal drinking water).
n = 6 mice. *p < 0.001 versus t = 0
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2.7 ± 0.3 mM to 2.5 ± 0.4 mM, p < 0.02), while
plasma cholesterol levels in the other control group,
rtTAtg mice, remained unchanged. In the Tre-
PLTPtg//rtTAtg mice however, induction of PLTP
expression by doxycycline administration resulted in
a 33% decrease in plasma cholesterol (from
2.7 ± 0.4 mM to 1.8 ± 0.6 mM, p < 0.001). Plasma
phospholipid levels were also lowered after induc-
tion of PLTP activity, by 33% (Fig. 5a, from
2.6 ± 0.4 mM to 1.7 ± 0.5 mM, p < 0.001). In the
control groups, phospholipid levels did not change
significantly following administration of doxycy-
cline. Addition of 5% sucrose to the drinking water
had no statistically significant effects on plasma
cholesterol or phospholipid levels. Triglyceride
levels are very low in chow-fed C57Bl/6 mice.
Administration of doxycycline resulted in a decrease
in triglyceride levels, both in the control groups
(from 0.52 ± 0.16 to 0.35 ± 0.17 mM in Tre-PLTPtg
mice, p < 0.001, and from 0.48 ± 0.17 mM to
0.35 ± 0.17 mM in rtTAtg mice, p < 0.001) as well
as in the Tre-PLTPtg//rtTAtg mice (from
0.54 ± 0.19 to 0.33 ± 0.17 mM, p < 0.001),
indicating that the decrease in plasma triglycerides
is not caused by the action of PLTP.
The decreases in plasma cholesterol and phospho-
lipids in the Tre-PLTPtg//rtTAtg mice were studied
in more detail. Lipoprotein fractions were separated
by ultracentrifugation. In all groups, administration of
5% sucrose significantly increased total cholesterol
and phospholipids in the non-HDL fractions, which
remained unchanged after the subsequent addition of
doxycycline (Fig. 4c, 5c). Administration of doxycy-
cline + 5% sucrose had no statistically significant
effects on total cholesterol levels or phospholipid
levels in the HDL fractions of both control groups
(Fig. 4b, 5b). However, in the human PLTP-express-
ing Tre-PLTPtg//rtTAtg mice, HDL-cholesterol
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decreased by 35% (from 1.8 ± 0.4 mM to
1.2 ± 0.4 mM, p < 0.001), and HDL-phospholipid
level decreased by 41% (from 2.3 ± 0.4 mM to
1.4 ± 0.3 mM, p < 0.001). Furthermore, plasma apoAI
protein level decreased after induction of PLTP
expression (Fig. 6).
mRNA expression analysis
Liver rtTA and PLTP mRNA expression levels
were measured by Real-Time PCR (Table 1). RNA
was isolated from livers of Tre-PLTPtg//rtTAtg
mice, Tre-PLTPtg mice and rtTAtg mice that had
been treated with doxycycline for 2 days, and from
livers of Tre-PLTPtg//rtTAtg mice that had not
received doxycycline in the drinking water. rtTAtg
mice and the Tre-PLTPtg//rtTAtg mice (with and
without doxycycline) showed similar levels of rtTA
expression. Induction by doxycycline gave rise to a
tenfold increase in PLTP mRNA (human + murine)
in the inducible transgenic mouse model compared
to Tre-PLTPtg//rtTAtg mice that had not been
given doxycycline and therefore expressed only
murine PLTP (from 1.5 ± 0.9 to 11.7 ± 2.7 AU,
p < 0.001). In the control groups there were no
differences in PLTP expression. Induction of human
PLTP expression did not suppress murine PLTP
mRNA levels.
In addition, the effect of an acute increase in
PLTP activity on RNA expression level of various
key players in lipoprotein metabolism was studied
(Table 1). Compared to the control groups, induc-
tion of PLTP in the double transgenic mice did not
result in a statistically significant change in RNA
expression level of ATP-binding cassette A1
(ABCA1), apolipoprotein AI (apoAI), apolipoprotein
B (apoB) or scavenger receptor class B type I
(SRBI).
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In another experiment, tissue distribution of
murine and human PLTP mRNA was determined in
a group of four doxycycline-treated Tre-PLTPtg//
rtTAtg mice by Real-Time PCR. Murine PLTP
mRNA was mostly present in lung tissue, followed
by liver, adipose tissue, brain and heart (Fig. 7a).
Lower levels of murine PLTP mRNA were found in
adrenals, spleen and kidney. Upon doxycycline-
induction, human PLTP expression appeared to be
strongest in liver, lung and kidney (Fig. 7b). Low
levels of human PLTP mRNA were detected in
spleen, heart, adrenal and adipose tissue. Only
negligible amounts of human PLTP mRNA were
detected in brain.
Discussion
In the present study, we describe a mouse model with
conditional induction of human PLTP expression:
2 days of doxycycline administration resulted in a
strong increase in plasma PLTP activity. The induc-
tion of PLTP activity not only proved to be fast, but
also transient. Discontinuation of doxycycline admin-
istration via the drinking water resulted in a decline
of PLTP activity to basal activity levels after 5 days.
Upon induction, PLTP mRNA level in the liver
increased by tenfold, while in the control groups
(Tre-PLTPtg and rtTAtg) plasma PLTP activity and
PLTP liver mRNA did not increase. The non-induced
double transgenic mouse line (Tre-PLTPtg//rtTAtg
without doxycycline) did not show any significant
differences in RNA expression compared with con-
trol mice, so our inducible mouse model does not
show any intrinsic background activity (‘‘leakage’’)
in the non-induced state. The improved version of the
tetracycline-controlled transactivator we used
(rtTA2S-M2) has been reported to have a low
background activity (Lamartina et al. 2002, 2003;
Salucci et al. 2002). Our inducible mouse model
shows a broad pattern of human PLTP expression
(liver, kidney > lung > spleen, heart, adrenal, adipose
tissue). It is not known whether this is a reflection of
the normal regulation of PLTP expression found in
human tissues (Day et al. 1994), a reflection of the
doxycycline distribution among tissues (Michel et al.
1984), or a combination of both. The high human
PLTP expression levels in liver and kidney might be
Fig. 6 ApoAI protein mass in individual plasma samples of
Tre-PLTPtg//rtTAtg mice, three mice per condition (water,
water with sucrose, water with doxycycline and sucrose).
Plasma samples were subjected to electrophoresis on precast 4–
15% SDS-polyacrylamide gradient gels and subsequently
stained with Coomassie blue
Table 1 Liver mRNA analysis
mPLTP hPLTP m + hPLTP rtTA ABCA1 apoAI apoB SRBI
Tre-PLTPtg +dox 1.2 ± 0.4 0.0 ± 0.0* 1.2 ± 0.4* 0.0 ± 0.0 1.2 ± 0.2 0.9 ± 0.2 0.7 ± 0.4 1.0 ± 0.3
rtTAtg +dox 0.9 ± 0.3 0.0 ± 0.0* 1.0 ± 0.2* 0.9 ± 0.1** 0.9 ± 0.4 0.8 ± 0.2 1.0 ± 0.9 1.1 ± 0.4
Tre-PLTPtg//rtTAtg +dox 1.2 ± 0.5 10.5 ± 2.6 11.7 ± 2.7 1.0 ± 0.3** 1.2 ± 0.5 0.7 ± 0.2 1.0 ± 0.5 1.2 ± 0.4
Tre-PLTPtg//rtTAtg dox 1.5 ± 1.0 0.0 ± 0.0* 1.5 ± 0.9* 0.9 ± 0.1** 0.9 ± 0.1 0.8 ± 0.1 0.5 ± 0.1 1.0 ± 0.1
* p < 0.001, versus Tre-PLTPtg//rtTAtg + dox
* p < 0.001, versus Tre-PLTPtg + dox
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explained by doxycycline distribution between tis-
sues: after oral doxycycline administration to rats,
highest levels were measured in excretory organs
(i.e., liver and kidney) (Michel et al. 1984). No
human PLTP mRNA was detected in brain tissue,
probably because doxycycline poorly crosses the
blood brain barrier (Michel et al. 1984). The distri-
bution pattern of murine PLTP in human PLTP
expressing PLTPtg//rtTAtg mice is comparable with
the pattern found in C57BL/6 wildtype mice (Jiang
and Bruce 1995).
The increase in PLTP activity in the double
transgenic mice resulted in a decrease in plasma
cholesterol of 33% and a comparable decrease in
plasma phospholipids. These effects are explained by
a decrease in HDL-cholesterol of 35% and in HDL-
phospholipids of 41%. These results are well com-
parable with our previous studies in human PLTP
transgenic mice, in which a 2.5- to 4.5-fold increase
in PLTP activity in plasma resulted in a 30–40%
decrease in plasma levels of HDL-cholesterol (van
Haperen et al. 2000). Concomitantly with the
decrease in plasma HDL level, plasma apoAI protein
level decreased. This is probably caused by a PLTP-
induced increase in HDL catabolism (Fo¨ger et al.
1997). In addition, PLTP has been reported to cause
proteolytic cleavage of apoAI (Jauhiainen et al.
1999). The decrease in HDL levels cannot be
explained by changes in expression of SRBI, apoB
or ABCA1. Compared to the control groups, induc-
tion of PLTP in the double transgenic mice did not
result in statistical changes of mRNA expression
levels of these genes. Therefore, the decline in HDL
is probably a direct effect of PLTP.
Acute elevation of plasma PLTP activity has been
studied before using adenovirus-mediated overex-
pression of human PLTP (Ehnholm et al. 1998; Fo¨ger
et al. 1997; Yang et al. 2003). As in our inducible
mouse model, also in these studies an increase in
PLTP activity resulted in an acute decrease in HDL-
cholesterol and HDL-phospholipids. An advantage of
the inducible mouse model is that it provides a stable
and controlled elevation of PLTP activity, which
differs from the transient induction obtained by using
an adenoviral transfection system. Another important
feature of our mouse model is the efficacy to induce
PLTP activity, which only requires the administration
of doxycycline to the drinking water. We are well
Fig. 7 mRNA expression
levels. (a) Tissue
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aware of the fact that long-term administration of
high doses of doxycycline might disturb intestinal
flora (Riond and Riviere 1988), resulting in diarrhea
and colitis. However, the doxycycline dose used in
our present study was relatively low and symptoms
pointing to a disturbed intestinal flora were not
observed. In future experiments, it will be possible to
further decrease the doxycycline dose, as maximal
induction of PLTP activity was already reached at a
dose of 0.25 mg/ml (data not shown). Recently, the
2S-M2-version of the tetracycline-controlled transac-
tivator has been used in a mouse model that allowed
Cre-mediated tetracycline-dependent gene expression
in specific embryonic tissues (Yu et al. 2005), and in
two mouse models with inducible and tissue-specific
gene expression in the neuronal system of adult mice
(Kerrison et al. 2005; Michalon et al. 2005). To the
best of our knowledge, the present study is the first
one to describe an inducible mouse model in the field
of cardiovascular research.
In conclusion, the results of our study demonstrate
the feasibility of our mouse model to induce an acute
elevation of PLTP activity, which is easily reversible.
Using this mouse model, it will be possible to study
the effects of acute elevation of PLTP activity on
lipoprotein metabolism and pre-existing atheroscle-
rosis.
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